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(54) A method and apparatus for level shifting 

(57) A level-shifter architecture with high-voltage 
driving capability and extremely low power consump- 
tion, exploiting dynamic control of the charge on the gate 
electrodes of the high-voltage output transistors, is pre- 



sented. Said architecture can be integrated in a CMOS 
technology and can be applied although not limited 
thereto for monolithic integration of high-voltage display 
driver circuits in battery-powered applications. 
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Description 

Field of the invention 

[0001) The invention relates to methods and circuits 
for low consuming high-voltage level shifting and related 
circuitry. 

Background of the invention 

[0002] In many integrated circuits, such as display 
drivers, a combination of high-voltage driving capability 
(an output voltage swing up to 1 00V or more) and a dig- 
ital control by means of standard 5 V CMOS logic is re- 
quired. Hence, complex level-shifting circuits are need- 
ed to convert the 5V control signals into the desired high- 
voltage output waveforms. Moreover, in many of those 
applications, the system is battery-powered and very 
strong constraints are put on the power consumption of 
the level-shifters. A potential interesting application 
where both high-vottage driving capability and extreme- 
ly low power consumption are required, is the design of 
driver chips for cholesteric texture LCDs [J. W. Doane, 
D. K. Yang and Z. Yaniv, "Front-iit flat panel display from 
polymer stabilized cholesteric textures", proceedings of 
the 12th International Display Research Conference 
(Japan 92), p. 73.]. Quite high voltage levels (50V rms) 
are necessary to switch this kind of liquid crystal from 
one stable state to another, but its inherent memory 
function (images remain unchanged on the screen with- 
out the need for continuous refreshing) is undoubtedly 
a major advantage compared to other types of liquid 
crystals, as it allows us to implement certain display sys- 
tems with very low image frame rates and a high degree 
of power efficiency. Consequently, these cholesteric tex- 
ture LCDs are ideal components in battery-operated dis- 
play systems with slowly or sporadically varying images, 
but for the generation of the required waveforms on the 
display rows and columns, high-voltage driver circuits 
with very low power dissipation have to be developed. 
[0003] In most high-voltage CMOS technologies 5 dif- 
ferent kinds of n- and p-type MOS transistors, as shown 
in Fig. 1 , are used. The devices (a) and (b) are standard 
non-floating NMOS and floating PMOS transistors for 
normal 5V operation (used in the CMOS control logic), 
while the PMOS device (c) can float up to a high voltage 
with respect to the substrate potential. However, said 
PMOS device (c)'s V GS and V DS are limited to 5V, and 
hence this transistor is ideally suited for controlling the 
gate electrode of the PDMOS transistor in the output 
stage and also serves perfectly as an active load in the 
voltage mirrors. The MOSFETs which have to withstand 
a high voltage between their source and drain elec- 
trodes (such as the ones in the output stage or the 
switching transistors in the voltage mirrors) are the non- 
floating NDMOS and floating PDMOS devices (d) and 
(e). 

[0004] The basic version of a high-voltage level-shift- 



er is the well known circuit of Fig. 2. it exhibits a classic 
complementary output stage with independent control 
of the gate voltages of the NDMOS and PDMOS devices 
T1 and T2. Standard 5V logic is used to control the ND- 
5 MOS, while a voltage mirror (T3,T4) is required to apply 
the appropriate gate signal to the PDMOS. Unfortunate- 
ly, the gate control of the PDMOS device T2 is not opti- 
mum, as demonstrated by the HSPICE-simulations of 
Fig, 3, which are based on transistor model parameters 
io from a high-voltage extension of a 0.7nm CMOS tech- 
nology. When the input data line is switched from a log- 
ical "1 " to "0", the V GS of T4 and T2 is not entirely dis- 
charged to 0V but to a value of approximately -1 V, being 
the threshold voltage of the PMOS transistor T4. Con- 
15 sequently, the PDMOS output transistor T2, having a 
slightly different threshold voltage, is not driven 1 00% 
into cut-off operation, resulting in an output voltage of 
0.5V instead of the ideal OV value. Moreover, the simul- 
taneous conduction of both DMOS transistors in the out- 
20 put stage represents a significant waste of energy. 
[0005] This problem can be solved by discharging the 
V GS of the PDMOS output transistor completely to OV 
by means of a current mirror as illustrated in Fig. 4, On 
the "1" to "0" transition of the input signal, the constant 
25 current source l BIAS and the current mirror (T5.T6) en- 
sure that the V GS of T2 and T4 is pulled down to OV, 
resulting in a satisfactory logical "O" state at the driver 
output and avoiding the unnecessary power dissipation 
in the output DMOS transistors. Fig. 5 shows the 
30 HSPICE-simulation results on this circuit. An alternative 
for the circuit of Fig. 4 is the level-shifter proposed by 
M. Declercq and M. Schubert [M. Declercq and M. Schu- 
bert, "Circuit intermediate entre un circuit logique k 
basse tension et un etage de sortie & haute tension real- 
ms fees dans une technologie CMOS standard", patent 92 
06030 at the Institut National de la Propri6t6 Industrielle, 
Paris (France).], where the current source l B)AS is no 
longer constant but controlled by the inverted input sig- 
nal, resulting in a nicely balanced circuit configuration. 
40 However, the level-shifter of Fig. 4 and all the variations 
described in the literature, have one major drawback: 
they show continuous power dissipation in the voltage 
mirrors for a logical "0" and/or a logical "1" at the data 
input. In the case of the simulations in Fig. 5 for instance, 
*5 it can be seen that a stationary 1 50 u.A current is flowing 
through the drain terminal of transistor T3 when a logical 
"1" bit is applied to the data input. For obvious reasons, 
such is unacceptable in battery-powered applications. 
[0006] When considering cholesteric texture LCD 
50 drivers low-power high-voltage CMOS level-shifters 
cannot be used directly because they have a purely dig- 
ital output (the output voltage is switched between OV 
and the V HV supply voltage), while the cholesteric tex- 
ture LCDs need waveforms which are far more compli- 
es cated. Some of the driving schemes require 3-, 4- or 
even 5-level logic, and others need analog multiplexers 
to select complex analog waveforms. Hence, for ail 
those applications, some kind of analog switch, capable 



3 



EP 1 089 433 A1 



4 



of withstanding high voltages and exhibiting the same 
extremely low power dissipation as high-voltage level- 
shifters, is needed. The classic circuit for a high-voltage 
analog switch is shown in Figure 6. in this complemen- 
tary analog switch, 2 diodes have been included to avoid 5 
the unwanted conduction of the drain-bulk diodes in the 
DMOS transistors. To obtain the conducting H ON"-state 
of the switch, the source-gate voltages of the DMOS de- 
vices should be V GS N = 5V and V GS P = -5V . To turn off 
the switch (isolating "OFF"-state), V GS N = V GS p = OV 10 
is needed. Although this circuit is widely used in all kinds 
of applications, it has some important drawbacks: Since 
the gate potential of the PDMOS device has to be 5V 
lower than the V HV analog signal to put the switch in the 
conducting "OlsT-state and since the gate potential of « 
the NDMOS device should exceed the V HV signal with 
5V under the same circumstances, the voltage range of 
the control circuit (responsible for applying the appropri- 
ate signals to the gates of the 2 DMOS transistors) 
should be at least 1 0V in excess of the total V HV -range. 20 
For the control of the NDMOS device, a double voltage 
mirror is required. The first one shifts the 5V control input 
signals upwards towards an auxiliary supply voltage that 
is at least 5V higher than the highest V HV -value, and 
then the second voltage mirror shifts these signals 25 
downwards to the V HV -level. The choice of the transistor 
parameters in this double voltage mirror is extremely 
critical and very special care has to be taken to avoid 
excessive voltages on the gates of the transistors. Small 
deviations of the real transistor parameters from the val- 30 
ues used in the simulations could result in transistor 
breakdown. This classic high-voltage analog switch us- 
es a floating NDMOS device, meaning that its bulk can 
float up to a high voltage with respect to the substrate 
potential. Unfortunately, in many high-voltage CMOS 35 
technologies only non-floating NDMOS transistors 
(where the substrate acts as the transistor bulk) are 
available. 

[0007] In summary it can be stated that in the state of 
the art no high-voltage level shifting circuit with low pow- 40 
er consumption is found. Indeed in state of the art level 
shifting circuitry simultaneous conduction of the output 
stage transistors or of the circuitry controlling these out- 
put stage transistors is observed, leading to continuous 
power dissipation. Also conventional analog switch con- 45 
cepts are not suited for high-voltage switching. Such an- 
alog switch will need control circuitry, such as in the lev- 
el-shifters, suited for high-voltage switching and with 
low power consumption, which are not available in the 
state of the art. so 

Aim of the invention 

[0008] It is an aim of the invention to provide circuitry 
which can be used in high-voltage level shifting circuits 55 
and analog switches which have no continuous power 
dissipation and no simultaneous conduction of the out- 
put stage transistors. The use of said circuitry results in 



extremely low power consumption in said high-voltage 
level shifters and analog switches. Said circuitry enable 
implementation of dynamic control of the charge on the 
gate electrodes of the high-voltage output transistor. 

Summary of the invention 

[0009] In the invention an apparatus or circuit, which 
has an output voltage, is presented. Said apparatus 
comprises an output circuit and at least one input circuit. 
In said output circuit a first and second part can be dis- 
tinguished. Said first and second part are either electri- 
cally complementary or electrically equivalent. Each of 
said parts of said output circuit has an input terminal. 
Said apparatus implements a dynamic control principle 
for at least one of said parts of said output circuit. With 
dynamic control principle is meant that said input circuit 
sets at least one of said input terminals to a voltage level 
being related to an externally inputted input voltage of 
said input circuit only when an inputted strobe voltage 
is being set externally to a first predetermined voltage 
level and stores the latest voltage level on said input 
terminal when said inputted strobe voltage is being set 
to a second predetermined voltage level. Such storage 
is enabled by electrically isolating said input terminal 
from the rest of the circuitry. 

[0010] In an embodiment of the invention said appa- 
ratus is a high-voltage level shifting circuit with electri- 
cally complementary first and second parts in said out- 
put circuit. It is sufficient to have one input circuit. 
[0011] In another embodiment of the invention said 
apparatus is an analog switch circuit with electrical 
equivalent first and second parts in said output circuit. 
In such circuit both said first and second part are being 
controlled by an input circuit. 

[0012] In yet another embodiment said apparatus is 
a combination of said digital high-voltage level shifting 
circuit and said analog switch circuit. Such combination 
is able of generating multiple-level logic. 
[0013] In yet another embodiment said apparatus is 
an analog multiplexer with high-voltage driving capabil- 
ity and zero static power consumption. This analog mul- 
tiplexer allows us to make an electrical connection (with 
very low resistance) between its output and a first ana- 
log input signal, or between its output and a second an- 
alog input signal, depending on the logical value of a 5V 
input control signal. 

Brief description of the drawings 

[001 4] Figure 1 shows an overview of potential CMOS 
devices being used in the invented circuitry. 
[0015] Figure 2 shows a prior art high-voltage level- 
shifter. 

[0016] Figure 3 shows HSPICE simulations of said 
prior art high-voltage level-shifter operation. 
[0017] Figure 4 shows another prior art high-voltage 
level-shifter. 
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[0018] Figure 5 shows HSPICE simulations of Figure 
4 circuit. 

[0019] Figure 6 represents a classical analog switch 
circuit. 

[0020] Figure 7 shows a first configuration, for level- 5 
shifting, according to an embodiment of the invention. 
[0021 ] Figure 8 shows a second configuration, for an- 
alog switching, according to an embodiment of the in- 
vention. 

[0022] Figure 9 shows a realization according to the 10 
first configuration described in the invention. 
[0023] Figure 10 shows HSPICE simulations for the 
circuit of Figure 9. 

[0024] Figure 11 shows HSPICE simulations for the 
Circuit of Figure 9. 15 
[0025] Figure 12 shows an extension of the circuit of 
Figure 9, preventing further discharging of gate capac- 
itances. 

[0026] Figure 13 shows HSPICE simulations for the 
circuit of Figure 12. 20 
[0027] Figure 14 shows HSPICE simulations for the 
circuit of Figure 12. 

[0028] Figure 15 shows a novel analog switch con- 
cept with two PMOS devices (300) (310). 
[0029] Figure 1 6 shows said novel analog switch of 25 
Figure 15, with both inputs of said PMOS devices (300) 
(310), being controlled by dynamic level-shifters (320) 
(330), according to the second configuration, described 
in the invention. 

[0030] Figure 1 7 shows a particular realization of the 30 
circuit of Figure 16. 

[0031] Figure 18 shows an analog multiplexer config- 
uration, exploited circuitry described in the invention. 
[0032] Figure 19 shows a symbolic representation of 
such an analog multiplexer. 35 
[0033] Figure 20 shows HSPICE simulations of the 
circuit of Figure 18. 

[0034] Figure 21 shows a driver architecture for which 
the invented circuitry can be used. 
[0035] Figure 22 shows a display pattern, being used <o 
for simulations. 

[0036] Figure 23 shows the HSPICE simulations for 
the invented circuitry, being used for the driver architec- 
ture of Figure 21 and for the display pattern of Figure 22. 

45 

Detailed description of the Invention 

[0037] A level shifting circuit has as functionality that 
it produces an output voltage from an input voltage. Said 
output voltage has a first range. Said input voltage has so 
a second range. In a high-voltage level shifting circuit 
said first range is larger than said second range. Said 
input voltage can be between a first voltage level (e.g., 
a digital T or 5V) and a second voltage level (e.g. a 
digital '0' or 0V), the difference between said voltage lev- 55 
els defining said input voltage range. Said output volt- 
age can be between a third (e.g., 50V) and a fourth volt- 
age level (e.g., OV), the difference between the latter 



voltage levels defining said output voltage range. Said 
input voltage can be denoted to be two-level as in ideal 
circumstances it is considered to be either the first or 
the second voltage level. Naturally in real circumstances 
deviations from said levels occur. Whenever said devi- 
ations are within the margin accepted for the technology 
used, the input voltage can still be denoted to be two- 
level. Similar considerations occur for said output volt- 
age where said third and fourth voltage levels define the 
two levels of said output voltage. 
[0038] In a general scheme of a level shifting circuit 
an output stage or output circuit (1 00) and an input stage 
or input circuit (130) can be distinguished. Said output 
circuit generates said output voltage. Said input circuit 
controls said output circuit and can input said input volt- 
age. Said input circuit sets at least one of said input ter- 
minals (170) to a voltage level being related to an exter- 
nally inputted input voltage of said input circuit. Said re- 
lation is predetermined. Said output circuit typically 
comprises two parts (11 0) (1 20). Each of said parts has 
an input terminal, connected to said input circuit, ena- 
bling the latter circuit to control the operation of said 
parts. Besides its input terminal each of said parts has 
two connections. For each of said parts its connections 
can be labeled as being connected to a high-voltage lev- 
el or a low-voltage level. These voltage levels should be 
considered to be relative to each other. Said parts are 
electrically complementary, meaning that when the cur- 
rent through said first part is determined by the voltage 
between its input terminal and its connection to a high- 
voltage level, then the current through the second part 
is determined by the voltage between its input terminal 
and its connection to a low-voltage level. 
[0039] In a first configuration (Figure 7), being suited 
for level-shifting, said first (110) and second part (120) 
are placed in series. An output circuit (100), comprising 
a first (110) and a second part (120), and at least one 
input circuit (130), being connected to at least one of 
said parts, here said first part, are observed. 
[0040] Said input circuit comprises of two subcircuits 
(140), (150) and a switch circuit (160). The first part is 
connected at one of its connections to the third voltage 
level (400). The second part is connected at one of its 
connections to the fourth voltage level (410). The re- 
maining connections of said parts are connected togeth- 
er and define said output voltage of the level shifting cir- 
cuit. The operation of such configuration is based on the 
fact that the input circuit controls said output circuit such 
that either said first part or said second part is active. 
With active is meant that said parts are conducting or 
current is flowing through it from its connections, such 
that said output voltage is either equal to said third volt- 
age level or equal to said fourth voltage level within ac- 
ceptable margins. Said first part can be but is not limited 
to be a PDMOS device. Said second part can be but is 
not limited to be a NDMOS device. The connections are 
then defined to be either source or drain dependent of 
whether they are connected to a high-voltage or low- 
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voltage level and depending on the type of the device. 
The input terminals can then be defined to be gates. 
Even when said parts are more than a single device, the 
terms source or drain will be further exploited or gener- 
alized to said parts also. The selection of the voltages s 
on said input terminals is such that simultaneous con- 
ducting of said first and said second part is prevented. 
[0041J In a second configuration (Figure 8), being 
suited for analog switching, and being a slight variant of 
said first configuration, said first (210) and second part u 
(220) are placed in series. Both said first and said sec- 
ond part are connected each at one of its connections 
to the third voltage level (500). The remaining connec- 
tions of said parts are connected together and define 
said output voltage of the analog switching circuit. The is 
operation of such configuration is based on the fact that 
the input circuit controls said output circuit such that both 
said first part and said second part are active or non- 
active simultaneously. Both said first and second part 
can be but is not limited to be a floating PDMOS device 20 
in series with a diode. The diodes and said PDMOS de- 
vices are however differently oriented in said first and 
said second part. The connection in between said diode 
and said PDMOS device of at least one of said parts is 
connected to said input circuit (240) thereby realizing a 25 
virtual supply voltage (250). 

[0042] Said analog switch configuration is discussed 
further. 

[0043] First said level-shifting configuration is dis- 
cussed in detail. As low power consumption is aimed at, 30 
simultaneous conducting of said first and said second 
part must be prevented here. This can be realized when 
said input circuit appropriately controls at least one of 
said parts and thus said input circuit must be adapted 
to be able to set a voltage on at least one of said input 35 
terminals. The voltage to be set on said input terminals 
depends according to a predetermined relation from the 
externally inputted voltage. 

[0044] As discussed in the background of the inven- 
tion, several input circuits exist but they have as draw- 40 
back that they either do not provide an appropriate con- 
trol or they themselves consume continuously power 
which can not be accepted for for instance battery-pow- 
ered applications. 

[0045] In the invention therefore a dynamic control 45 
principle is used, meaning that the control of the input 
terminal of the part under consideration, is being made 
dependent of an additional signal, denoted the strobe 
signal or strobe voltage. Said strobe voltage is also pro- 
vided to said input circuit. Said strobe voltage is also so 
two-level, preferably exploiting the same voltage levels 
of said input voltage. When said strobe voltage is at a 
first strobe voltage level, the input circuit is being active 
and sets the input terminal under consideration at such 
a voltage level that the appropriate voltage level is ob- 55 
tained at the output of the level shifting circuit. It can be 
stated that the voltage level on the input terminal under 
consideration is related to said input voltage. When said 



strobe voltage is at a second strobe voltage level, the 
input circuit is being non-active and thus not consuming 
power. Moreover when said strobe voltage is at said 
second strobe voltage level, the input terminal under 
consideration should hold its latest value or thus stores 
this latest value. Therefore the input circuit must be such 
that when said strobe voltage is at said second strobe 
voltage level, the input terminal under consideration is 
electrically isolated. Us latest value is then stored by the 
capacitance of the input terminal. With reference to the 
analog switching configuration it is clear that the same 
dynamic control principle can be applied but then both 
to said first and said second part of said analog switch 
output stage. 

[0046] Said first and said second part of said output 
circuit is only conducting sufficiently when the general- 
ized gate-source voltage in absolute value exceeds with 
a certain positive margin a certain threshold value, de- 
pending on the configuration of said parts. Said first and 
said second part of said output circuit is only sufficiently 
non-conducting when the generalized gate-source volt- 
age in absolute value is sufficiently below a certain 
threshold value, depending on the configuration of said 
parts, preferably said gate-source voltage being zero. 
Therefore the input circuit should provide the appropri- 
ate voltage level to the input terminal under considera- 
tion, thus resulting either in a gate-source voltage suffi- 
ciently close to zero when the part under consideration 
is expected to be non-active otherwise resulting in a 
gate-source voltage sufficiently exceeding the configu- 
ration dependent threshold voltage. 
[0047] For the further explanation the dynamic control 
principle is applied to said first part of said output circuit, 
being the part connected to the third voltage level. A sim- 
ilar way of reasoning can however be used when the 
dynamic control principle being applied to said second 
part or to both. 

[0048] As shown in Figure 7, a potential approach can 
be that for a zero gate source voltage the input terminal 
is electrically connected with said third voltage level via 
a first switch and that for a non-zero gate source voltage 
the voltage drop over an electronic device with respect 
to said third voltage is realized, said voltage drop being 
sufficient such that the non-zero gate source voltage ex- 
ceeds in absolute value the threshold value of said first 
part. The voltage on said input terminal of said first part 
is denoted by a fifth voltage level. Said first switch can 
be for instance an ordinary PMOS transistor. The elec- 
tronic device for realizing a voltage drop can also be an 
ordinary PMOS transistor with its gate connected with 
its drain. It is clear that said first switch must be control- 
led by some circuitry. Also said electronic device for re- 
alizing said voltage drop must be controlled by another 
circuitry, being pulling sufficient current through said 
electronic device. 

[0049] Said first switch and said electronic device can 
be considered to be part of a switch circuit, with two in- 
puts, the first being the control of said first switch and 
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the second being the drain of the electronic device. The 
output of said switch circuit is then the input terminal of 
the part of the output circuit under consideration. Cir- 
cuitry for controlling said two inputs of said switch circuit 
is needed. Said input circuit therefore comprises a first 5 
and second subcircuit. As different operation is neces- 
sary dependent on the input voltage and via the dynamic 
control principle said operation is also depending on the 
strobe voltage, it can be stated that said first subcircuit 
is being active when said input voltage is being set to 10 
said second voltage level and said strobe signal being 
set to said first voltage level and said first subcircuit is 
being non-active for other combinations. The second 
subcircuit is being active when both said input voltage 
and said strobe voltage being set at said first voltage ^ 
level and is non-active otherwise. As the first subcircuit 
is connected to said first switch, with active is meant 
closing said first switch and thus providing an appropri- 
ate voltage for the transistor configuration in said first 
switch. As the second subcircuit is connected to the 20 
drain of said electronic device, with active is meant pull- 
ing current through said electronic device. Said subcir- 
cuits can have a similar configuration, for instance a se- 
ries connection of a PMOS and NDMOS transistor. The 
only difference is then the input supplied to said subcir- 25 
cuits being for the first circuit a logical AND operation 
between a logically inverted input voltage and said 
strobe voltage and for the second circuit a logical AND 
operation between said input voltage and said strobe 
voltage. Also a different configuration of said subcircuits 30 
is allowable. An essential feature of the configuration of 
said switch circuit and the interconnection with said sub- 
circuits must be that when said strobe voltage is set to 
a second voltage level that then the input terminal under 
consideration is electrically isolated. 35 
[0050] Additional circuitry can be provided preventing 
slow discharging of the capacitance of the input termi- 
nal, used to hold its latest value, via said first switch. 
This can be realized by connecting the control terminal 
of said first switch to said third voltage level by using a 40 
second switch. Also the voltage drop over said electron- 
ic device is preferably set to zero by using a third switch. 
Said second and third switches can be PMOS transis- 
tors, being controlled by a circuit, closing said second 
and third switches when the input terminal has to be 45 
electrically isolated from the input circuit. 
[0051] As described above, said input circuits can al- 
so be exploited in other configurations for instance for 
realizing an analog switch. Indeed when both said first 
and second part of said output circuit are designed to so 
be electrically equivalent instead of complementary, an 
analog switch can be realized. One could define said 
third voltage level as a first side of said analog switch 
and as other side of said analog switch said output volt- 
age. The input voltage is then used for setting said an- 55 
alog switch on or off. As it is necessary to let both parts 
of said output circuit on or off simultaneously for obtain- 
ing excellent switching behavior, said dynamic control 



principle can be exploited again. Such an analog switch 
will then comprise two of said input circuits. Each of said 
input circuits is then connected to an input terminal of 
one of said parts of said output circuit. Naturally each 
input circuit is connected to a different input terminal. 
Said input circuits are then adapted both such that they 
set the input terminal to which they are connected to a 
voltage level, being related to said input voltage of said 
input circuits. When said strobe voltage is equal to a first 
voltage level, said input terminals are set to a voltage 
being related to said input voltage of said input circuits. 
When said strobe voltage is equal to a second voltage 
level, said input terminals are electrically isolated from 
the rest of the circuit and therefore store that latest volt- 
age on the capacitances of said input terminals. When 
said input voltage of said input circuits is being set to a 
first voltage level, then said input terminal voltages are 
set to a voltage level which sets both parts of said output 
circuit to active, thus conducting. The apparatus, also 
denoted analog switch , is therefore in conducting mode. 
When said input voltage of said input circuits is being 
set to a second voltage level, then said input terminal 
voltages are set to a voltage level which sets both parts 
of said output circuit to non-active, thus in non-conduct- 
ing mode. The apparatus, is therefore in non-conducting 
mode. Functionally said output voltage of said appara- 
tus or analog switch is substantially equal to a third volt- 
age level when said switch is in conducting mode, and 
electrically isolated from said third voltage when said 
switch is in non-conducting mode. To realize that each 
part of said output circuit must at least be connected at 
one side to said third voltage level. In a particular reali- 
zation, said first and second part of said output circuit 
comprise both of a floating PDMOS in series with a di- 
ode. Said diode and PDMOS devices can however by 
differently oriented in both parts. Each of said input cir- 
cuits are connected to two voltage levels. A first input 
circuit can for instance be connected in between said 
third voltage and a fourth voltage level. The second input 
circuit is then connected in between said fourth voltage 
level and the side of the output circuit controlled by said 
input circuits not being connected to said third voltage 
level, thereby defining a sort of virtual supply voltage for 
said second input circuit. 

[0052] In the further description some particular em- 
bodiments of the invention are shown. 
[0053] In a first embodiment a configuration with a 
PDMOS output transistor as first part of the output circuit 
is considered. In order to reduce the power consumption 
to an absolute minimum dynamic control of the charge 
on the gate capacitance of the PDMOS output transistor 
is used. The basic version of this design and the corre- 
sponding HSPICE-simulations are shown in Fig. 9, 10 
and 11. It is seen that the operation of the whole level- 
shifter is controlled by a strobe voltage or signal V PASS . 
When this strobe signal goes high (first voltage level), 
one of the 2 transistors T3 or T5 (according to the logical 
value of the input signal) will carry a 1 50nA drain current, 
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causing a voltage drop of 5V over the p-type load tran- 
sistor T4 or T6. For a "0" bit (second voltage level) at 
the data input, the 5V drop across T4 turns on transistor 
17, and consequently the source-gate capacitance of 
the PDMOS T2 is totally discharged. Said transistor T7 
acts as a switch connecting said input terminal of said 
PDMOS to said third voltage level. On the other hand, 
for a "1" bit (first voltage level) at the data input, the 5V 
drop across T6 will pull down the gate potential of T2 
through transistor T8 (used as a simple pn-diode be- 
tween its drain and bulk terminals), yielding a source- 
gate voltage of approximately -4.5V for the T2 output 
transistor. When the strobe signal goes low, the transis- 
tors T3 and T5 are switched off, and the voltage drop 
across T4 and T6 is reduced to about 1 V. As a conse- 
quence, transistor T7 will be turned off (if the input bit 
was a logical "0" during the strobe pulse) or the "diode" 
T8 will be polarized inversely (if the input bit was "1 "). In 
both cases, the gate electrode of the PDMOS output 
transistor T2 remains electrically isolated from the rest 
of the circuit (meaning that only high-impedance con- 
nections exist between the gate electrode and other 
components), and hence the charge that was previously 
stored on its gate capacitance during the strobe pulse 
(0V or -4.5V according to the input signal) will remain 
unchanged until the next strobe pulse is applied. This 
approach of using the gate capacitance of the PDMOS 
output transistor as a storage capacitor and updating its 
charge at the rhythm of a strobe signal that is synchro- 
nized to the data flow, yields an enormous reduction in 
power dissipation if the duration of one strobe pulse can 
be kept very small compared to the duration of one bit 
of input data (since power is consumed only during the 
strobe pulses). This is definitely the case for the choles- 
teric texture LCD drivers with their very low image frame 
rates. For the gate control of the NDMOS output tran- 
sistor T1 in Fig. 9, a static 5V sense-amplifier is used 
here as it doesn't consume DC power, but also the dy- 
namic charge control method could be applied here. The 
simulation results of Fig. 11 indicate that this circuit still 
suffers from a minor inconvenience: in between strobe 
pulses, the V GS of T7 is set to approximately -1 V, a volt- 
age that keeps the transistor T7 at the edge of cut-off 
operation. As a consequence, a small but not insignifi- 
cant leakage current (actually a sub-threshold current) 
will flow through its source and drain terminals. This cur- 
rent will slowly discharge the gate capacitance of the 
PDMOS output transistor (if a "1 " bit was sampled during 
the strobe pulse), and if the charge is not updated on 
time, the level-shifter wont operate properly any more. 
[0054] In a second embodiment of the invention this 
problem is taken care of in the improved circuit of Fig. 
12 with the corresponding HSPICE-simulation results of 
Fig. 1 3 and 1 4. On the high to low transition of the strobe 
signal, the V GS of each of the transistors T12 and T13 
(which were in the conducting state during the strobe 
pulse) is discharged to about -1V. Since T12 and T13 
are put in series, the devices Tl 4 and T1 5 receive a V rc 
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of approximately -2V, and hence the voltage drop across 
the active loads T4 and T6 is completely discharged to 
0V. Consequently, transistor T7 is driven far into its cut- 
off operating region with a negligible leakage current. In 

5 this way, the charge stored on the gate capacitance of 
the PDMOS output transistor T2 wonl be affected any 
more between consecutive strobe pulses, as illustrated 
by the simulation results of Fig. 14. It is found that reli- 
able charge storage is obtained, even at extremely low 

10 strobe signal frequencies of only a few pulses per sec- 
ond. 

[0055] In a third embodiment of the invention the dy- 
namic control principle is being exploited in the design 
of an analog switch, being suitable for use in Liquid 
'5 Crystal Display drivers. A solution to the problems of the 
classic analog switch shown in Figure 6 and discussed 
before is to replace the floating NDMOS transistor by a 
second floating PDMOS device, as shown in Figure 15. 
To turn on the switch, V GSf1 = V GS 2 = -5V should be 
20 applied to the gates of the 2 PDMOS transistors, while 
the values V GSt1 = V GS 2 = OV turn the switch off. In this 
configuration, the gate potentials of the PDMOS devices 
never exceed the V HV analog signal, and hence the volt- 
age range of the circuit for the dynamic control of the 2 
25 PDMOS transistors should be only 5V higher than the 
total V HV -range. Since only PDMOS devices are used 
in this schematic, the double voltage mirrors are no long- 
er necessary and consequently a higher reliability is 
achieved. For the control of the PDMOS T2, the 5V 
30 switch control input signal is shifted towards the V HV - 
level at the rhythm of a strobe pulse sequence, while for 
controlling the gate of PDMOS transistorTl the 5V input 
signal has to be shifted towards the potential of point A, 
which could be considered as a kind of "virtual supply 
35 voltage" for the Tl control circuit. This is clearly shown 
in Figure 16. For each dynamic level-shifter, the transis- 
tor configuration of figure 12 is used, where the 5V 
CMOS control logic can of course be shared by the 2 
level-shifters as both transistors T1 and T2 are always 
40 simultaneously in the "ON"- or u OFF"-state. So the com- 
plete architecture of the dynamically controlled high- 
voltage analog switch with zero static power dissipation, 
shown in Figure 17 is obtained. The diodes D3 and D4 
were added to the circuit to achieve an almost ideal 
45 switching behavior. Diode D3 eliminates the negative 
voltage spikes which can be generated on the drain 
electrode of PDMOS T2 by capacitive effects in transis- 
tor T2 and diode D2 under certain circumstances (for 
some very specific waveforms). Diode D4 reduces the 
so effect of the non-negligible drain resistance of the PD- 
MOS T1 during the strobe-pulses. 
[0056] In a fourth embodiment of the invention the 
novel analog switch can serve as a basic building block 
for even more complex high-voltage switches with zero 
55 static power consumption. For instance, a combination 
of this high-voltage analog switch on one hand and a 
purely digital high-voltage level-shifter on the other 
yields a high-voltage level-shifter with 3-levei logic at its 



7 



13 



EP 1 089 433 A1 



14 



output. By adding a second high-voltage analog switch, 
a 4-level logic is obtained, etc. HSPICE-simulations on 
all these circuits can show proper level-shifter operation. 
[0057] In a fifth embodiment a 2-input analog multi- 
plexer with high-voltage driving capability and zero stat- 
ic power consumption is presented. This analog multi- 
plexer allows us to make an electrical connection (with 
very low resistance) between its output and a first ana- 
log input signal, or between its output and the second 
analog input signal, depending on the logical value of a 
5V input control signal. Obviously, such a multiplexer 
needs 2 analog switches (the first one between the out- 
put and the first analog input voltage, the second one 
between the output and the second analog input volt- 
age), with complementary 5V control signals, since the 
second switch has to be in the "OFF"-state when the 
first one is conducting, or vice versa. Therefore, the 
same 5V CMOS control logic for both switches is used, 
but the connections to the voltage mirrors have to be 
interchanged. This can be seen in Figure 18 showing 
the dynamically controlled high-voltage 2-input analog 
multiplexer. The practical use of this novel multiplexer 
circuit is quite simple and straightforward. V HVA and 
V HVB are the high-voltage input signals and Vq^ the 
high-voltage output signal, while V CON is the 5V control 
input signal (which selects one of the 2 analog switches 
in the multiplexer) and V PASS the 5V strobe pulse se- 
quence to sample the V CON input data. If V C0N = "1" 
(5V) during a strobe pulse, an electrical low-resistance 
connection will be established between the output Vq^j 
and the input signal V HV A . On the other hand, if V CON = 
"0" (OV) during a strobe pulse, then the output V OUT will 
be connected to the input signal V HVB . In between 
strobe pulses, the multiplexer state defined during the 
last strobe pulse, will be maintained until the next pulse. 
The operation of this dynamically controlled analog mul- 
tiplexer (with the exception of the strobe pulse se- 
quence) can be represented in a simplified way by the 
symbol of Figure 19. In order to find out whether this 
dynamically controlled analog multiplexer functions sat- 
isfactorily, HSPICE-simulations are used of which the 
results are shown in Figure 20. These simulations (car- 
ried out on the multiplexer with a capacitive load) indi- 
cate that the multiplexer circuit operates very well. At 
this point, 2 important remarks should be made. Ob- 
serve in the simulation results that the output voltage 
v out is slightly different (maximum 0.5V deviation) from 
the selected analog input waveform, due to the thresh- 
old voltage of the diodes at the output of the circuit. In 
these simulations more strobe pulses are used than 
strictly necessary for the chosen input data sequence 
v con- Tne reason for this is the following: simulations 
have shown that abrupt changes in the high-voltage 
waveforms can cause variations in the source-gate volt- 
ages of the output PDMOS devices, due to the capaci- 
tive coupling between their gate and drain electrodes. 
So, if the V GS of those transistors is not updated at the 
moment a sudden change in one of the high-voltage sig- 



nals occurs, the V GS -values could be seriously affected 
and the multiplexer circuit wouldn't work properly any- 
more. Therefore, a very simple rule of operation should 
always be respected: each time an abrupt change oc- 

5 curs in one or more of the high-voltage signals V HV ^, 
V HV B and V OUT , an extra strobe pulse V PASS is required 
to update the V GS of the PDMOS output transistors. To 
demonstrate that these dynamically controlled analog 
multiplexers are really useful components for the mon- 

10 olithic integration of cholesteric texture LCD drivers, ex- 
tensive simulations are carried out on such a driver for 
a display with 3 rows and 3 columns according to a con- 
ventional "minimum swing unipolar* driving scheme. 
This driving scheme was found to be the best one if long- 
term DC compensation (spread over 2 consecutive 
frames) of the cholesteric texture liquid crystal is al- 
lowed. Figure 21 shows the complete driver architec- 
ture. As can be seen, the row driver consists of 5 dy- 
namically controlled multiplexers with 2 inputs each. A 

20 first multiplexer chooses the correct row-select voltage 
according to the V frarT>e control signal ("1" for the first 
frame. "0" for the second). A second multiplexer choos- 
es the right row- non-select voltage, also according to 
the value of the V !rame control input. Each one of the 

25 other 3 multiplexers connects the row-select voltage or 
the row-non-select voltage to the corresponding row of 
the LCD. For the column driver, an identical configura- 
tion is used, where 2 of the 5 multiplexers are respon- 
sible for selecting the appropriate "focal conic" (FC) or 

30 "stable planar (SP) voltages according to V frame . The 
voltages used in the simulations are the following: V sel1 : 
row select voltage, frame 1 : 55V, V sel2 : row select volt- 
age, frame 2 : 5V, V nortsel1 : row non-select voltage, 
frame 1 : 15V, V^^ : row non-select voltage, frame 

35 2 : 45V, V FC1 : column "focal conic" voltage, frame 1 : 
25V, V FC2 : column "focal conic" voltage, frame 2 : 35V, 
V SP1 : column "stable planar" voltage, frame 1 : 5V, 
V SP2 : column "stable planar" voltage, frame 2 : 55V. It 
is already known that the gate potentials of the PDMOS 

^o output transistors in the multiplexers should be 5V lower 
than the high-voltage input signals in order to switch the 
transistors to their conducting state. Therefore, all the 
high-voltage input signals of the multiplexers should be 
at any moment at least 5V above the substrate potential 

^5 which is defined as the OV reference (ground) . The sig- 

na,s V i,row1> V i,row2' V i,row3- V i,coIV V »,col2 an <J V i,cd3 are 

the 5V CMOS input control signals for the row and col- 
umn drivers, with a value of "1" (5V) for choosing the 
row-select and column"focal conic" voltages, or the val- 

50 ue "0" (OV) for choosing the row-non-select and column- 
"stable planar" voltages. The strobe signal V PASS is 
common to all 10 dynamically controlled analog multi- 
plexers. HSPICE-simulations are carried out for the dis- 
play pattern of Figure 22. Using HSPICE, the following 

55 waveforms are simulated: V^, : row select voltage, 
Vnonsei : row non-select voltage, V row1 , V row2 , V row3 : 
display row voltages, V FC : column "focal conic" voltage, 
V SP : column "stable planar" voltage, V col1 , V col2 , 
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v cob : display column voltages, V pix q (i=1 ,2,3 ; j=1 .2,3) : 
voltage across the pixel between row i and column j. The 
simulations of Figure 23 prove that the suggested driver 
architecture with the dynamically controlled high-volt- 
age analog multiplexers operates very satisfactorily. It 5 
should be noted that in the simulations a row addressing 
time of barely 100u.s was used, while a real cholesteric 
texture LCD requires row addressing times of at least a 
few ms in a conventional driving scheme. The 1 00ns val- 
ue was chosen only to reduce the total number of steps n> 
in the HSPICE-simulation, resulting in a shorter simula- 
tion time, which is considerable because of the large 
amount of transistors in the circuit (620). Anyway, a row 
addressing time of e.g. 10ms would yield exactly the 
same waveforms. From the simulation results, it is seen '5 
that the obtained waveforms are in almost perfect 
agreement with the theoretically expected waveforms. 
The maximum deviation between theory and simulation 
is only 0.8V and is entirely caused by the threshold volt- 
age of the diodes at the output of the multiplexers. 20 



Claims 

1. An apparatus, for determining an output voltage, 25 
comprising: 

an output circuit comprising a first and a second 
part, each having an input terminal; and 
at least one input circuit, being adapted for in- 30 
putting at least a two-level input voltage and at 
least a two-level strobe voltage, said input cir- 
cuit being adapted for setting at least one of 
said input terminals to a voltage level related to 
said input voltage when said strobe voltage be- 35 
ing set to a first voltage level, said input circuit 
being adapted for electrically isolating at least 
one of said input terminals when said strobe 
voltage being set to a second voltage level 

40 

2. The apparatus as recited in claim 1 , wherein said 
first and second part being electrically complemen- 
tary. 

3. The apparatus as recited in claim 1 , wherein said 
voltage levels to be set on said input terminals being 
selected such that 

when said input voltage being set to a first volt- 
age level, at least one of said parts of said out- so 
put circuit being active 

when said input voltage being set to a second 
voltage level, at least one of said parts of said 
output circuit being non-active 

55 

4. The apparatus as recited in claim 1, wherein said 
output circuit is adapted for generating an output 
voltage. 



5. The apparatus as recited in claim 4, wherein said 
output voltage is level shifted with respect to said 
input voltage. 

6. The apparatus as recited in claim 1 , wherein said 
output circuit is connected to a third voltage level 
and a fourth voltage level, said third and fourth volt- 
age levels being different. 

7. The apparatus as recited in claim 1, wherein said 
first part is a floating PDMOS and said second part 
is a non-floating NDMOS. 

8. The apparatus as recited in claim 1 , said input cir- 
cuit comprising a first and a second subcircuit, said 
first subcircuit being active when said input voltage 
being set to said second voltage level and said 
strobe voltage being set to said first voltage level 
and being non-active otherwise, said second sub- 
circuit being active when both said input voltage and 
said strobe voltage being set at said first voltage lev- 
el and being non-active otherwise. 

9. The apparatus as recited in claim 8, said subcircuits 
being connected between said third voltage level 
and said fourth voltage level. 

10. The apparatus as recited in claim 8, wherein said 
first subcircuit and second subcircuit each provide 
an input to a switch circuit, said switch circuit having 
an output being one of said input terminals, said 
switch circuit connects said switch circuit's output 
to said third voltage level when said first subcircuit 
being active, and said switch circuit sets said switch 
circuit's output to a fifth voltage level when said sec- 
ond subcircuit being active. 

1 1 . The apparatus as recited in claim 1 0, wherein when 
said switch circuit's output being connected to said 
third voltage level, said part of said output circuit 
which input terminal being connected to said switch 
circuit's output being non-active and when said 
switch circuit's output being set to a fifth voltage lev- 
el, resulting in said part of said output circuit which 
input terminal being connected to said switch cir- 
cuit's output being active. 

12. The apparatus as recited in claim 11 1 wherein said 
switch circuit's output being electrically isolated 
when said first and second subcircuit being non-ac- 
tive. 

13. The apparatus as recited in claim 10, wherein said 
first subcircuit and said second subcircuit compris- 
ing a concatenation of a PMOS, with its gate con- 
nected to its drain and a NDMOS, with its gate being 
the input of said subcircuit. 
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14. The apparatus as recited in claim 13, wherein the 
input of said first subcircuit being a logical AND of 
the logically inverted input voltage and the strobe 
voltage. 

15. The apparatus as recited in claim 14, wherein the 
input of said second subcircuit being a logical AND 
of the input voltage and the strobe voltage. 

16. The apparatus as recited in claim 15, wherein said 
switch circuit comprise of a first switch, being con- 
trolled by the input provided by said first subcircuit, 
a first end of said first switch being connected to 
said third voltage level, said switch circuit further 
comprising a one-way conducting element, a first 
end of said element being connected to the second 
end of said first switch, a second end of said ele- 
ment being connected to the input provided by said 
second subcircuit, said second end of said first 
switch and said first end of said element being said 
switch circuit's output. 

17. The apparatus as recited in claim 16, wherein said 
first switch being a PMOS, with its gate being con- 
trolled by the input provided by said first subcircuit. 

18. The apparatus as recited in claim 16, wherein said 
one-way conducting element being a diode. 

19. The apparatus as recited in claim 16, wherein said 
one-way conducting element being a PMOS, with 
its gate connected to its source and its bulk. 

20. The apparatus as recited in claim 10, further com- 
prising a second and third switch and a circuit, con- 
trolling said second and third switch, a first end of 
said second switch being connected to said third 
voltage level, a second end of said second switch 
being connected to the input provided by said first 
subcircuit to said switch circuit, a first end of said 
third switch being connected to said third voltage 
level, a second end of said third switch being con- 
nected to the input provided by said second subcir- 
cuit to said switch circuit, said circuit closing said 
second and third switches when the input terminal 
of said part of said output circuit being connected 
to said switch circuit's output has to be electrically 
isolated from said input circuit. 

21. The apparatus as recited in 20, said second and 
third switch being PMOS devices with their gate be- 
ing connected to said circuit. 

22. The apparatus as recited in claim 20, wherein said 
circuit being a concatenation of two PMOS, with 
their gate connected to their drain and a NDMOS 
device, with its gate connected to said strobe volt- 
age. 
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23. The apparatus as recited in claim 1 , being realized 
in CMOS technology. 

24. The apparatus as recited in claim 1 , said first and 
5 second part being electrically equivalent. 

25. The apparatus as recited in claim 24, comprising 
two of said input circuits, each of said input circuits 
being connected to one of said input terminals, both 

10 said input circuits being adapted for setting at the 
input terminal to which said input circuit be connect- 
ed to a voltage level related to said input voltage 
when said strobe voltage being set to a first voltage 
level and being adapted for electrically isolating the 

is input terminal to which said input circu it be connect- 
ed when said strobe voltage being set to a second 
voltage level. 

26. The apparatus as recited in claim 25, wherein said 
20 voltage levels to be set on said input terminals being 

selected such that 

when said input voltage being set to a first volt- 
age level, both said parts of said output circuit 
25 being active, thereby setting said apparatus in 

conducting mode 

when said input voltage being set to a second 
voltage level, both said parts of said output cir- 
cuit being non-active, thereby setting said ap- 
30 paratus in non-conduction mode. 

27. The apparatus as recited in claim 26, wherein said 
output voltage being related to a third voltage level 
when said apparatus is in conducting mode and 

35 electrically isolated from said third voltage level 
when said apparatus is in non-conducting mode. 

28. The apparatus as recited in claim 24, wherein each 
part of said output circuit being connected at one 

*o side to said third voltage level. 

29. The apparatus as recited in claim 24, wherein said 
first part and said second part being a floating PD- 
MOS in series with a diode 

The apparatus as recited in claim 28, wherein at 
least one of said two input circuits, comprising two 
subcircuits, said subcircuits being connected in be- 
tween a fourth voltage level and the side of the out- 
put circuit controlled by said input circuit not being 
connected to said third voltage level 

31. The apparatus as recited in claim 1 , said input cir- 
cuit being adapted for storing the value of at least 
one of said input terminals when said storge voltage 
being set to a second voltage level. 
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